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TRW Systems Group is conducting a set of studies under Contract No. 
NASw-1057 with the Office of Manned Space Flight, the National Aeronautics and 
Space Administration, for the evaluation and analysis of "advanced lunas. missions 
trajectories". Generally, the tasks consist of the selection of representative 
trajectories and/or orbital techniques suitable for certain specified lunar and 
earth orbital missions. In the selection of such trajectories and orbits con- 
sideration is given to the effects of the variations of mission pwsmeters and 
relevant constraints which are most limiting to mission performance. 
the specified missions are manned and involve the use of standard Apollo 
spacecraft or modifications thereof. 

A l l  of 

!his document reports the results of such studies for a set of AES earth 
Representative flight trajectories were evaluated orbital and lunar missions. 

which tended to maximize the net disposa.ble payload in orbit. 
ground track data was a lso  detemined. 
Saturn IB. 

Spacecraft 
The lam& vehicles were Saturn V and 
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The primary purpose of the study was to evolve and evaluate, in terms of 
net disposable payload, flight trajectory techniques for a typical set of AIB 

missions which tended to optimize such disposable payload. 
spacecraft propulsive capabilities were utilized to improve mission performance. 
The ground r u l e s  and constraints bounding the permissible flight techniques are 
specified in Section 4.0, 

Both booster and 

It is 3qpcwtan-t to note that the study was eserentially trajectory oriented, 
On the other and as such, overall system considerations were not fully analyzed. 

hand, it was a study objective to evolve me- and usef'ul trajectory data. 
Consequently, wherever possible, system implications were estimted on the bases 
of experience and partial analysis. Esramples of this type of consideration are 
the provision for manned earth entry within CM desigu characteristics and the 
establishment of a preliminary range safety model for E;TR launch. An example 
of a system feature which could not be considered, since mission analysis and 
definition in depth was necessary, is the spacecraft configuration for the 
several missions, frorn the point of view of weight, location, and usage of all 
of the mission expendables. 

a 
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2 . 0  SUMMARY 

The performance capab i l i t i e s  of t he  Saturn launch vehicles  have been 

evaluated f o r  AES mission planning purposes. 

selected for  representat ive missions and a r e  included i n  t h i s  report .  

Reference t r a j e c t o r i e s  were 

A summary of t h e  ne t  payload capab i l i t i e s  f o r  t h e  Saturn I B  launch 

vehic le  i s  given i n  Table 2-1.  A payload capabi l i ty  summary f o r  t h e  Saturn 

V Earth Orbi ta l  Mission i s  given i n  Table 2-2. The net o r  discret ionary 

payload i s  defined here in  as t h e  t o t a l  weight on o r b i t  less t h e  j e t t i s o n  weight 

of t h e  spent S-IVB s tage used f o r  f i n a l  i n j ec t ion  less crew/mission expendables 

less CSM deboost requirements. I n  some cases t h e  f irst  burn of t h e  Service 
Module establ ished t h e  mission o rb i t .  For these cases t h e  net  payload r e f e r s  

t o  t h e  difference between SM burnout weight capabi l i ty  and t h e  sum of crew 

expendable and deboost requirements. 

NTIAL 
This document contoinr information 
18, U.S.C., Section 793 and 794, th 

he United Stater within the meaning of the Espionage Laws, Title 
in ony monncr to an unouthorized perron i s  prohibited by law.  



a 

i 

1. 

2. 

Table 2-1. Saturn I B  Performance Summary (200 n m i  c i r cu la r  

orbits,  45 ftday mission) 
1 

F1 igh t  Mode 

Launch Orbit Gross CSM 
Azimuth Incl inat ion Weight &.I N e t  

on Orbit ’ Payload ( D e d  (Deg) 

Direct ascent, in jec t ion  by t h e  90 28.5 26,050 - 
S-IVB 

90 28.5 33,185 5,595 Hohmann t r ans fe r  from an 80 n m i  
parking o rb i t .  Transfer maneuver 
provided by two impulsive burns of 
t h e  CSM 

3.  

4. 

5. 

a 
6. 

7.  

8. 

Hohmann t r ans fe r  from an 80 n m i  44 50.3 
parking o rb i t .  Transfer maneuver 
provided by two impulsive burns of 
t h e  CSM 

Direct ascent, un-manned payload 90 28.5 

Hohmann t r ans fe r  from an 80 n m i  182 90 
43 ‘* 

parking o rb i t .  Transfer maneuver 
provided by two impulsive burns of 
t h e  CSM 

6 )  
Hohmann t r ans fe r  from an 80 n m i  189.4 96.5 
parking o rb i t .  Transfer maneuver 
provided by two impulsive burns of 
t h e  CSM 

\ 
$ 1  

90 Suborbital  start of CSM, Hohmann 182 
t r ans fe r  from an 80 n m i  perigee. 
CSM r e s t a r t s  f o r  apogee inject ion.  

Suborbital  start of CSM, Hohmann 
t r ans fe r  from an 80 n m i  parking 
o r b i t .  CSM restarts f o r  apogee 
in jec t ion .  Yaw program of one 
deg/sec between 110 and 134 and 
between 146 and 164.1 sec provides 
t h e  polar inc l ina t ion  

c )  
146 90 

30,930 3,340 

N.A.  26,723 

25,419 - 

24,568 - 

28,425 835 

24,375 - 
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Table 2-2. Saturn V Performance Summary (Specified 45-day missions) 
fo?. 290 i L . m i  arid SpchronoI?:j Ai t i tudes a> 6 )  

Launch Orbit Gross CSM J 
Azimuth Inc l ina t ion  Weight Net 

on Orbit Payload Fl ight  Mode ( De63 1 (Deg) 

1. Direct ascent 90 28.5 232,955 205,365 

2.  Direct ascent 

3. Direct ascent 

44 50.3 222,650 195,060 

114 36.4 229,670 202,080 

4. Direct ascent 146 59.4 217,120 189,530 

5. Direct ascent, yaw program of 
one deg/sec from 392 t o  480.3 see. 44 90 49,940 22,350 

6. Direct ascent, yaw program of one 114 90 86,628 59 , 038 

7. Direct ascent, yaw program of one 146 90 

deg/sec from 163 t o  250.1 see 
(S-IVB stage w a s  removed) 

8 )  

deg/sec from 120 t o  150 and between 
159 and 172.4 sec, S-IC cutoff 4 sec 
ea r ly  

146 F" '. 
8. Direct ascent, yaw program of one 96.5 

deg/sec from 120 t o  150 and between 
159 and 181.9, S-IC cutoff 4 sec  
ea r ly  

9. Synchronous orbi t ,  f irst  S-IVB 90 28.5 
burn es tab l i shes  a t r ans fe r  orb i t  
t o  synchronous a l t i t ude .  The 
remaining S-IVB propellant is  
consumed at  apogee and establ ishes  
an intermediate o rb i t  f o r  t rans-  
pos i t ion  and docking. A t  the  next 
apogee CSM ign i t e s  t o  c i rcu lar ize  
o r b i t  saving enough propellant for 
deboost t o  Apollo landing s i te  

157,380 129,790 

145,253 117,663 

69,689 27,929 

0 61,334 19,574 10. Synchronous orbit ,  f i r s t  S-IVB burn 90 
es tab l i shes  a 100 n m i  parking orb i t  
f o r  coast t o  t h e  equator. There it 
restarts t o  provide t r ans fe r  e l l i p se  
and a two-deg plane change. The t h i r d  
burn, at apogee, es tabl ishes  an in t e r -  
mediate o rb i t  f o r  t ransposi t ion and 
docking. 
t h e  next apogee f in i sh ing  t h e  plane 
change and c i rcu lar iz ing  t h e  o rb i t .  
Deboost i s  t o  an equator ia l  landing s i te .  

Fully loaded CSM ignites a t  

This document contoins informotion affecting t s within the mooning of the Espionage Lawr, Title 
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3.0 VEHICLE CHARACTERISTICS 0 
The launch vehicle and CSM characterist ics used fo r  performance 

analyses and t ra jectory simulation are given i n  t h i s  section. 

Service Module propulsion was applied impulsively, the single exception 
being the Saturn I B  earth polar mission i n  which the  Service Module propulsion 
was ut i l ized  i n  a sub-orbital start. It was assumed i n  t h i s  case that  the 

payload would be contained within the SM and would be deboosted from orb i t  
with the  CSM. 

1 

3 -1 Launch Vehicles 

3.1.1 Saturn I B  

The Saturn I B  configuration data are summarized i n  Tables 3-1 and 3-2. 
The S-IVB j e t t i son  weight breakdown is given i n  Table 3-3 for  both Saturn I B  

and Saturn V application. The data were obtained from Reference 1. 

3.1.2 Saturn V 

Table 3.4 lists the Saturn Vdata used. The axial force coefficient 

0 (from Reference 2), given as a f'unction of Mach Number i n  Figure 3-1, w a s  

used on all Saturn V configurations. The data were obtained f r o m  Reference 3. 

3.2 Spacecraft 

The Block I1 A p o l l o  spacecraft characterist ics are given i n  Table 3-5. 
Control weights as specified i n  Reference 4 were used. 

This documbnt coiltains informotion affecting the Untted States within the meaning OF the Espionage laws, Title 
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Table 3-3. S-IVB Je t t i son  Weight 

A. For Saturn I B  Application 

Dry Weight at Injection 

Residuals and Reserve 

Flight Performance Reserve 

Instrumentation U n i t  

LEN Adapter 

Jet t ison Weight 

B. For Saturn V Application 

Dry Weight at Injection 

Residuals and Reserve 

Flight Performance Res e rve 

Instrumentation Unit 

LEN Adapter 

JetLison Weight 

23,586 LB 

1,949 

1,500 

4, w 
3,800 

34,985 LB 

27,400 LB 

2,305 

2,884 

4,150 

3,800 

40,539 LB 
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Table 3-5. Block I1 Spacecraft Definition 

Cormnand Module Weight 
(with crew) 

Service Module 

Injected Ine r t  Weight 

Propellant Tank Capacity 

ISP 
T h r u s t  

LEM Descent Stage 

Propellant Tank Capacity 

ISP 
Thrust (Max) 

LEX Ascent Stage 

Propellant Tank Capacity 

ISP 
Thrust 

l l , O O O  Lbs 

10,200 Lbs 

41,000 Lbs 

313 Sec 

21,800 Lbs 

15,920 Lbs 

302 Sec 

10,500 L ~ S  
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0 4.0 G R O W  RULES AND CONSTRAINTS 

Some of the more pertinent ground rules and constraints used to conduct 
the performance calculations are given below. 

Since very significant payload penalties were involved, preliminary 
investigations were conducted to delineate a range safety model to anstrain the 
AES trajectories. Normal operational procedure is for the Contractor requesting 
a Range Safety Waiver to prepare a %zmd R e g o r t .  

containing the nominal proposed tradedory with the probable dispersed trajectories 
resulting from off-n&W vehicle perfomace, probable failure modes, and 
probabilities of land impact and popuhtion kill. 
with the importance of the missLon weighted against the relative danger, the use 
of the range will be granted or denied. For the prelfminruy tra2ectoz-y investi- 
gations of this study, the model below was considered reasonable and practical 

This is a detailed report 

After a review by Range Saf'ety 

and commensurate with the scope of t h  study. 

a) Range Saf'ety Model 
7 Z P  

1) A-overflight of the Continental United States or Canada is not 
pehnissible at suborbital speeds. This is defined as requiring 
that the three-sigma right or left deviating trajectory to be 
a minimum of 25 miles f r o m  the affected coastbline. 

2) All planned stage bpact points shall be in the ocean area. 
me determination of such planned impact points involves an 
assessment of the impact Bispersion ellipse. No land shall be 
within 25 miles of the ellipse. 

b) Launch w i l l  be from Cape Kemeay 

c) Launch vehicle and CSM characteristics are as sumarized in 
Section 3.0. 

a) All missions are manned (rendezvous vehicle may not be). 

1) 

2) 

Esrternal spacecraft configurations are similar to that of Apollo. 

Deboost from orbit must be compatible with CM re-entry design 
conditions. 

' 

3)  Recoveries are generally planned for either of the two Apollo 
impact areas 

totes within the meaning of the Espionagi lows, Title 
nner to on unauthorized person is prohibited by low. 
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e) !he trajectories are to be shaped for near maximum payload within 
the established range restrictions. 
110,OOO pound stack limit of S-IVB, alternate flight modes will 
be offered abiding by the stack limit. 

The upper limit on booster turning rates is one degree per second. 

For performance contingencies of the Service Module, an additional 
ten percent is to be provided with each velocity increment plus a 
100 fps increment for a return midcourse maneuver. 

When payloads exceed the 

f) 

g) 

h) 'Ihe CSM/LEM docking maneuver is to be alloted a time of twenty 

i) Although the SJSB prope1lPurtAwa"history w i l l  be different than 
that of Apollo, it will be assumed that its propellant pressuriza- 
tion subsystem will be modified to permit two or three burns,qr /c 

minutes. ? I t  
b ,& c e. t i 

4 4 ; y  , d J = * 4 4 /  ; p  ; t & j ! < c  ( ' : C L L , I I S J I C  1 / f  d r r t r  
/ 
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5 .o MISSION PROFTLES 

The resu l t s  of t h i s  study are given i n  t h i s  section. Performance, 
reference trajectory,  vehicle and propulsive history, and ground t rack data 
are shown f o r  the  various AES earth orbi ta l ,  lunar o r b i t a l  and lunar 
exploration missions. 
formance fo r  the several  missions, par t icular ly  the  earth o rb i t a l  missions, a 
variety of vehicle ascent and spacecraft inject ion techniques were investigated, 
u t i l i z ing  HohmRnn t ransfer  fromlow ear th  o rb i t  and Service hbdule propulsion, 
as applicable. 

Since the intent of t h e  study was t o  optimize per- 

Table 5-1 indicates t h e  Saturn I B  low a l t i tude  earth orb i t  mission cases 
fo r  which performance and t ra jectory data were calculated. Note t h a t  several 
of the cases involve a suborbital start of the  Service Module. Such a start 
implies tha t  the net discretionary payload (payload available fo r  the mission 
experiments) cannot be carried within the LEM adapter, inside of a LEN 

o r  otherwise, but must be contained wlthin the CSM. The intent  of the  182' 
azimuth launches is t o  place a performance outer bound on the vehicle capa- 
b i l i t i es  t o  accommodate variations i n  the  maximum launch azimuth permitted by 
range safety constraints. 

Table 5-2 indicates t h e  Saturn V low ear th and synchronous a l t i tude  
o rb i t  mission cases f o r  which performance and t ra jec tory  data were derived. 

The lunar o r b i t a l  and exploration missions have been previously reported i n  
references (5) and (6). The particular emphasis of the studies reported i n  
these references were on the generation of lunar orb i t a l  and translunar and 
transearth injection techniques which maximized the lunar accessibi l i ty  fo r  
the  several mission objectives 

Synchronous o rb i t  studies also included descent and deboost a l ternat ives  
-to equatoriai  anu off-equatorial (Apollo landing areas j landings involving 
LEN stage propulsion. 
indicates the  missions and cases f o r  which reference t ra jec tor ies  were derived. 
Lunar missions are also included, launch dates and pertinent lunar orb i t a l  
and surface objectives being a rb i t r a r i l y  st ipulated.  

These cases are discussed i n  Section 5.2. Table 5-3 

toter within the meonina of the Erpbonoge Lows, Title 
nner to on unouthorized person i s  prohibited by low. 
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Table 5-1. Saturn I B  Missions 

Circular 
O r b i t  Orbit 

Inclination Altitude 
Flight Prof i le  ( D 4  (n.mi.) 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 

Direct ascent, i n i t i a l  launch azimuth = 72O, 
no CSM burn (computed fo r  configuration 
simulation cornparis m) 

Direct ascent, azimuth = 90' (Hohmann t ransfer  
t o  200 n.mi. with t w o  impulsive burns of the CSM) 

Direct ascent, a z h u t h  = 182' (Hohmann transfer 
t o  200 n.mi. with two impulsive burns of the CSM) 

Direct ascent, azimuth = 189% 

Direct ascent, azimuth = 182' 

Direct ascent, azimuth 4 8 2  0 

Hohmann tranEfer from 80 n.mi. perigee, 
azimuth = 9Q , perigee overspeed provided 
by S-IVB, inject ion a t  apogee by CSM 

Same as case 7 but azimuth = 182' 

Direct ascent, azimuth = 1460, y a w  program 
of one deg/sec initiated at S-IVB igni t ion 
(Hohmann transfer t o  200 n.mi. with two  
impulsive burns of the CSM) 

Same as case 9 but yaws f o r  a longer duration 

Hohmv transfer  from 80 n.mi. perigee, azimuth 
= 146 , CSM burned as a th i rd  stage (no docking 
maneuver). 
Yaw program during S-IB and S-IVB operation. 

CSM restarts for inject ion at  apogee. 

Same as case 11 but S-IVB propellant was 
offloaded fo r  maximum pqload.  

Hohmann transfer from 80 n.mi. perigee, azimuth = 
182', CSM burned as a th i rd  stage (no docking 
maneuver). CSM restarts f o r  inject ion at apogee. 

32.6 

28.5 

90 

96.5 

90 

90 

28.5 

90 

90 

96.5 

90 

90 

90 

105 

80 

80 

80 

100 

200 

200 

200 

80 

80 

200 

200 

200 

This document contains information affect' d Stater within the meaning of tho Erplonoge Laws, Title 
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Table 5-1. Saturn I B  Missions (cont'd) 

Circular 
Orbit Orbit  

Inc l ina t ion  Alti tude 
Flight Profile (m3 1 (n.mi.) 

14. Same as case 13 but S-IVB propellant was 
offloaded f o r  maximum payload 

15. Unmanned S a t u p  IB,  d i r e c t  ascent, 
azimuth = 182 

90 200 

90 200 

16. Same as 15 but azimuth = 90' 28.5 200 

17. Unmanned Satgrn IB, d i r e c t  ascent, 
azimuth = 9 

28.5 80 

This dowment contoins informotion toter within the mooning of the Eipionoge Lows, Title 
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Table 5-2. Saturn V U r t h  O r b i t a l  Missions 

Circular 
Orbit Orbi t  

Inclination Altitude 
Flight Prof i le  (mid ( n o m i  ) 

1. 

2. 

3 -  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

ll. 

12. 

13 

Digect ascent, i n i t i a l  launch azimuth = 
90 , single burn of S-IVB 

Same as case 1 but azimuth = 44' 

Direct ascent, azimuth = h0, yaw (north) 
program of 1 deg/sec in i t ia ted  392 sec 
from launch 

Same as case 1 but azimuth = 114 

Direct ascent, azimuth = 114, yaw (south) 
pmgram initiated 400 sec from launch 
(spent S-I1 impacts i n  South America) 

Direct ascent, azimuth = 146, yaw program 
initiated at S-I1 start (Jettisoned LES 
impacts i n  Cuba) 

Same as 6 but LFS impact adjusted f o r  open 
water impact by early S-IVB cutoff 

Direct ascent, azimuth = 146, yaw program 
initiated at S-I1 start (jettisoned LES 
impacts i n  Cuba) 

Same as 8 but U S  impact adjusted fo r  open 
water impact by early S-IVB cutoff 

Same as case 7 but payload constrained t o  
S-IVB stack limit of 110,OOO l b  

Same as case 9 but payload constrained t o  
S-IVB stack l i m i t  of 110,000 l b  

Direct ascent, azimuth = 146', no yaw 
The following cases were fox a two-stage 
arrangement with the S-IVB removed. 

Direct ascent, azimuth = 114', no yaw 

28.5 

50.2 

90 

36.4 

90 

90 

90 

96.5 

96.5 

90 

96.5 

36.4 

200 

200 

200 

200 

200 

200 

200 

200(sun 
synchronous ) 

200 

200 

200 

200 

200 
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Table 5-2. Saturn V Earth Orbital  Missions (cont'd) 

Circular 
Orbit Orbit 

Inclination Altitude 
Flight Profile (*g) (n.mi.) 

14. 

15 

16. 

17 

18. 

19 

20. 

21. 

22. 

Sam as case 13 but yaw (south) program 90 
i n i t i a t ed  at S-I1 start 

200 

Same as case 14  but azimuth = 1460 90 200 

Same as case 13 but yawed f o r  longer duration 96.5 200 

Same as case 15 but yawed f o r  long duration 96 -5 200 

The following cases were for the purpose of 
determining the synchronous orb i t  payload 
capabilities. A l l  launches w e r e  due east 
from ETR. 

Three-burn S-IVB, first t o  establish a 
100 n.mi. parking orbit ,  restart at  equator 
f o r  perigee overspeed and t h i r d  burn f o r  
injection at apogee. 
propellant required for  deboost . CSM ww offload t o  the 

Same as case 18 except CSM was f u l l y  
loaded. 
an intermediate e l l i p t i c a l  parking orb i t  
i s  established f o r  transposition and dock- 
ing. A t  the next apogee CSM starts and 
accelerates t o  circular velocity saving 
enough propellant for  deboost. 

The third S-IVB burn ( a t  apogee) 

Same as case 18 except orb i t  i s  turned 
equatorial during th i rd  S-IVB operation 

Same as case 19 except orb i t  is  turned 
equatorial during S-IVB and CSM operation 
Singie-burn S- im,  S - i i  in jec ts  offioaiied 
S-IVB onto 100 n.mi. parking orbi t .  S-IVB 
starts at equator and changes o rb i t  plane 
15 deg and simultaneously provides perigee 
overspeed. 
apogee and tu rns  the orb i t  plane equatorial 
and circularizes orbi t .  (Payload capabili ty 
w a s  marginal). 

N l y  loaded CSM igni tes  at 

28.5 

28.5 

0 

0 

ii 

19,329 

19,329 

This document contains information offecting the Stoter within the meoning of the Espionage Lows, Title 
18, U.S.C., Section 793 and 794. the transmission any monner to on unauthorized person is prohibited by law. 
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Circular 
Orbit Orbit 

Inc l ina t ion  Alti tude 
Fl ight  P ro f i l e  ( m 3 )  (M.1 

23. Two-burn S-IVB, S-I1 i n j ec t s  offloaded S-IVB 28-5 19,329 
onto 100 n.mi. parking o rb i t .  
equator and establ ishes  perigee. 
at apogee f o r  c i rcular izat ion.  
the deboost requirement. 

S-IVB starts at 
S-IVB restarts 

CSM is offloaded t o  

24. Two-burn S-IVB, S-I1 in j ec t s  offloaded S-IVB 0 
onto 100 n.mi. parking orb i t .  S-IVB starts at 
equator and changes o r b i t  plane 2 deg and 
establ ishes  perigee. S-IVB restasts at apogee 
and provides an intermediate parking o r b i t  f o r  
docking. 
CSM ign i tes ,  f in i shes  t h e  plane change and 
c i rcu lar iza t ion  saving enough propellant f o r  
deboost . 

A t  a subsequent node f u l l y  loaded 

25. Three-burn S-IVB, f i r s t  t o  e s t ab l i sh  parking 
o rb i t ,  restart at equator changing t h e  o r b i t  
plane 2 deg and providing perigee overspeed, 
restart at apogee establishing intermediate 
parking o r b i t .  
next apogee f in i sh ing  the o rb i t  but saving 
enough propellant f o r  deboost. 

Wly loaded CSM i gn i t e s  at the  

0 

26. same as 25 but no plane change. 28.5 

27. Same as 25 except d l  CSM propellant i s  0 
consumed during 8.pogec maneuver. 
provided by an offloaded LE14 descent stage. 

Deboost w a s  

28. Same as 27 but no plane change. 28 -5 

19,329 

19,329 

19,329 

19,329 

19,329 

This document contoins information States within the meonin9 Of the Espionage Lows, Titla 
18. U.S.C , Section 793 and 794, the onner to on unauthorized Person i s  prohibited by law.  
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Table 5-3. AES Reference Trajectories 

1. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

9- 

10. 

11. 

12. 

13 

14 . 
15 

16. 

17 

18. 

19 

Saturn I B  reference trajectories;  200 n.mi. circular orb i t  by 
Hohmann Tmnsfer (perigee = 80 n.mi., i = 28.5 deg) 

Descent f r o m  200 n.mi. orbi t ;  i = 28.5 deg. 

Saturn I B  reference trajectories;  200 n.mi. circular orb i t  
by Hohmann Transfer (perigee = 80 n.mi., i = 50.3 deg) 

Descent from 200 n.mi. orbi t ;  i = 50.3 deg 

Saturn I B  reference t ra jector ies ;  200 n.mi. circular o rb i t  
by Hohmann Transfer (perigee = 80 n.mi., i = 90 deg) 

Descent f r o m  200 n.mi. orbit ;  i = 90 deg 

Saturn I B  reference trajectories;  200 n.mi. circular orb i t  
by Hohmann Transfer (perigee = 80 n.mi., i = 96.5 deg) 

Descent f r o m  200 n.mi. orbi t ;  i = 96.5 deg 

Saturn V reference t ra jector ies ,  low-earth orbi ts  (200 n.mi. 
circular, i = 28.5 deg) 

Saturn V reference tra&xtories, low-earth orbi ts  (200 n.mi. 
circular, i = 90 deg) 

Saturn V reference t ra jector ies ,  low-earth orb i t s  (200 n.mi. 
circular, i = 9Q deg, S-IVB s t a d  l imi t )  

Saturn V reference t ra jector ies ,  low-earth orbi ts  (200 n.mi. 
circular, i = 96.5 deg) 

Saturn V reference t ra jector ies ,  low-earth orbi ts  (200 n.mi. 
circular, i = 96.5 deg, S-IVB stack l imi t )  

Saturn V reference trajectories,  synchronous orb i t s  ( i  = 28.5 deg) 

Descent f r o m  synchronous orbit; f = 28.5 deg 

Saturn V reference t ra jector ies ,  synchronous orb i t s  ( i  = 0 deg) 

Descent (on equator) f r o m  synchronous orbit ;  i = 0 deg 

Saturn V lunar exploration mission, translunar t ra jectory 

Saturn V lunar exploration on mission, unmanned’ LEM 

This document contains information Stoles within the mooning of the Esptonape lows, Title 
18, U.S.C., Section 793 and 794. th onner to an unauthorized person i s  prohibited by law.  
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Table 5-3. AES Reference Trajectories (cont'd) 

20. Saturn V lunar exploration mission, manned LEA 

21. Transearth free- f l ight ;  109.17 hours 

22. Scient i f ic  survey, 28-day lunar orbi t  

23. Saturn I B  (suborbital start of Service Bbdule) reference t ra jector ies ;  
200 n.mi. o rb i t  by Hohmann transfer, yaw program during boost (i = 90) 

This document contoins informoti 
18. U.S.C., Section 793 and 794, 

e5 within the meonins of the Esplonoge Lows, Title 
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In  general, integrated t ra jector ies  were computed f o r  the ascent phases 

in to  pasking orb i t  and the descent phase from f i n a l  orb i t  t o  an earth a l t i tude  
of 400,000 feet. 

velocity bases. Nominal landing points were calculated without considerations 
of the aerodynamics of the entry body. 

Intermediate maneuvers were computed on an impulsive 

5.1 Low Altitude Earth Orbits 

The data herein includes p e r f o m c e  and t ra jectory calculations f o r  both 

Saturn V and Saturn I B  booster vehicles and for  low inclinations and high 
inclinations at  a l t i tudes t o  200 n.mi. 

5.1.1 Low Inclination Orb i t s  

5.1.1.1 Saturn I B  Launch Vehicle 

The direct  ascent burnout weight capability of the  Saturn I B  in to  a 
200 n.mi. circular orb i t  launched due east  from ETR (28O.5 o rb i t a l  inclination) 
i s  61,050 pounds. 

is  34,985 pounds including the 3800 pound LEM adapter. 
S-IVB and performing the transposition and docking maneuver the t o t a l  weight 
remaining is 26,065 pounds. To determine the weight tha t  might be available 
fo r  experiments, the crew expendables f o r  a 45-day mission and the CSM weight 
required for  descent w a s  computed and compared with the t o t a l  payload 

(26,065). Table 5-4 gives an estimate of t h e  additional crew/mission 
expendables required fo r  a 45-day mission. 
boost from a 200 n.mi. circular orbit  is  22,280 pounds. 
i s  given i n  Table 5-5. 
mission is  27,590 pounds (22,280 + 5,310). 
capability of the launch vehicle, and thus a direct  ascent mission of 
t h i s  nature is  not possible. 

The je t t i son  weight of the S-IVB as given i n  Table 3-3 
After jett isoning the 

a 

The CSM weight required f o r  de- 

The breakdown of t h i s  weight 
Thus, the weight required f o r  this par t icular  45-day 

This is greater than the 

To increase the mission performance the ascent t ra jectory w a s  varied such 
that burnout of the S-IVB established an 80 n.mi. parking orbi t .  
the  CSM is  used t o  provide an 80 by 200 n.mi. Hohmann t ransfer  orb i t  and 
u t i l i zed  a second t i m e  at apogee t o  accelerate the spacecraft t o  circular 
velocity. The t o t a l  weight achievable i n  f i n a l  orbi t  by this mode is  33,185 
pounds. 
as t h e  previous case o r  27,590 pounds. 

A f t e r  docking 

The weight required f o r  a 45-day mission and deboost is t h e  same 

The difference between these two 

This document contains information affecting the national the meaning of the Espionage Lows, Title 
18, U.S.C., Section 793 and 794. the transmission or revelo unouthorized perron i s  prohibited b y  law. 
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TABU 5-5. CSM WEIGHT REQUIRED FOR DEBOOST FROM 
200 N.MI . CIRCULAR ORBIT 

ITEM 

Cornmand Module 

Service Module 

Propellant for 100 fps 
midcourse maneuver 

Propellant for  395 fps 
deboost impulse 

* 

Total 

WEIGH!C 

11,000 lb 

10,200 

2LO 

870 

22,280 lb 

* 
Deboost assurned 359 fps  t o  be taken from 
circular  velocity t o  redluce perigee al t i tude 
t o  the earth 's  surface and then increased by 
10 percent for performance contingencies. 

This document contains mformotion affe fled Stoles within the meaning of the Espionaga Lows, Title 
18. U.S.C., Section 793 and 794, the tro ny  manner to on unauthorized perron i s  prohibited by low. 
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wights ,  then, represents the discretionary payload of 5,595 pounds. A 

typical  sequence of events is given f o r  t h i s  f l igh t  prof i le  i n  Table 5-6. 
Table 5-7 presents the t i m e  history of a descent prof i le  from t h i s  o rb i t  fo r  
ix.--act i n  the  Samoan impact area. 

By a similar technique but with an i n i t i a l  f l igh t  azimuth of  44 degrees 

from t rue  north an orbital. inclination of 50.3 degrees is realized. 
discretionary payload i s  then reduced t o  3340 pounds. 
given i n  Table 5-8 and the descent prof i le  i n  Table 5-9. 

The 
The mission prof i le  i s  

The performance capability of an unmanned Saturn I B  w a s  determined f o r  
a d i rec t  ascent flight t o  a 200 n.mi. c i rcular  orb i t  assuming a due east 
launch. 
covered with a 530 pound shroud. 
(as a r e l i a b i l i t y  measure and since relat ively l i t t l e  payload would otherwise 
be gained). 
For 6.n S-IVB stage je t t i son  weight of 35,515 pounds, which allows the payload 
t o  be placed inside the LEM adapter and covered by 530-pound shroud, the net 
payload is  26,723 pounds. 
Table 5-10. 

It w a s  further assumed that i n  l i eu  of the CSM, t h e  payload would be 

The payload shroud w a s  injected into orb i t  

The t o t a l  weight on orbit ,  including the S-IVB was  62,238 pounds. 

The f l igh t  profile for  this mission is  given i n  

5.1.1.2 Saturn V Launch Vehicle 

The direct  ascent burnout w e i g h t  capability of the Saturq V launch 
vehicle i s  273,495 pounds fo r  a due east launch. 
110,000 pounds stack weight limit of the S-IVB i n  the Apollo application. 
The S-IVB je t t i son  weight i s  40,539 pounds including the LEM adapter and 
f l i g h t  performance reserve. 
The CSM weight required f o r  the  45-day mission and for  deboost will be the 
same as f o r  the Saturn IB, i.e., 27,590 pounds. The net payload i s  therefore 
205,366 pounds i f  the S-IVB stage stack l imitation is  disregarded. 

f l i g h t  prof i le  is given i n  Table 5- i i .  

T h i s  exceeds the current 

A breakdown of t h i s  weight i s  given i n  Table 3-3. 

The  

This document contoins info United Staler within the meaning of the Espionage Lows, Title 
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5.1.2 Polar Orbits 

The data herein i s  derived for  both launch vehicles and f o r  both t rue  polar 

and 960.5 inc l ina t ion  (sun synchronous a t  200 n. mile a l t i t u d e )  o rb i t s .  

Ground t r aces  f o r  each descent t r a j ec to ry  are given i n  Figure 5-1. 

I n i t i a t i o n  of deboost w a s  timed t o  provide impact i n  e i t h e r  of t he  Apollo impact 

areas.  

5.1.2.1 Saturn 1.B Launch Vehicle 

To es tab l i sh  the maximum payload boundary f o r  the Saturn I B ,  a t r a j ec to ry  

f o r  a polar o rb i t  w a s  computed with a launch azimuth of 182 degrees. Using the  

CSM t o  t r ans fe r  from an 80 n.mi. parking o rb i t  t o  200 n.mi. c i r cu la r  o r b i t s  

r e s u l t s  i n  an in jec ted  weight of 25,419 pounds which i s  less than the  45-day 

mission requirement of 27,590 pounds. 

desired f o r  the  mission, fur ther  performance calculat ions were abandoned f o r  t h i s  

Saturn I B  configuration. 

Table 5-12. 

n.mi. polar o rb i t  with impact i n  the  Apollo landing area. 

Reference t r a j e c t o r i e s  f o r  the sun-synchronous o r b i t s  were derived i n  a 

Since t h i s  performance was  l e s s  than t h a t  

a 
For reference purposes, t h i s  p ro f i l e  i s  given i n  

Table 5-13 gives a time h is tory  of a descent t r a j e c t o r y  from a 200 

similar manner, i .e. ,  the  vehicles were launched a t  the  azimuth which gives the 

proper inc l ina t ion  at burnout. 

i s  24,568 pounds. 

mission and the  descent p ro f i l e  time h i s to ry  i s  given i n  Table 5-15. 

After t r ans fe r  t o  200 n.mi., the  in jec ted  weight 

Table 5-ll+ gives the  sequence of events for t he  sun synchronous 

To ef fec t  the  required increase i n  performance, Service Module propulsion 

was u t i l i z e d  i n  a suborbi ta l  start. 

but necessi ta tes  removing the payload from the LF;M l a b  contained within the  LEM 

adapter section. The payload was considered t o  be contained within the  Service 

T h i s  results i n  a three-stage launch vehicle 
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a Module and t o  be deboosted from orb i t  with the  CSM. 

was accordingly increased t o  provide the  deboost ve loc i ty  fo r  the  added weight. 

The Service Module propellant 

Launch azimuths of 146 degrees and 182 degrees were assumed, t h e  l a t te r  t o  

again es tab l i sh  an outer bound on payload capabi l i ty .  

i s  the  most southerly t h a t  i s  probable from ETR (Section 5.1.2.2) and therefore 

The azimuth of 146 degrees 

must be combined with a yaw program t o  a t t a i n  the  proper ve loc i ty  vector. The 

preliminary range safe ty  c r i t e r i a  were s a t i s f i e d  i n  the  sense tha t  t h e  nominal 

s tage impact points  a r e  i n  t h e  open ocean area. 

Propellant i n  t h e  S-IVB stage was offloaded and the  Service Module loaded 

t o  capacity. 

payload. 

It w a s  found t h a t  offloading the S-IVB by about 40,890 pounds maximized 

However, a complete propellant d i s t r ibu t ion  study among a l l  three s tages  

w a s  not conducted. 

might be rea l ized ,  

jectory shaping optimization. 

It i s  f e l t  that by doing so some improvement i n  performance 

Also, payload might be increased through a de ta i led  t r a -  a 
The sequence of t r a j ec to ry  events i s  summarized i n  Table 5-16 f o r  the 

Saturn I B  (three-stage arrangement) launched a t  t he  l-46 degree azimuth. A 

coast period of 5.4 seconds w a s  allowed between S-IVB and Service Module operation. 

The yaw program which provides the  polar inc l ina t ion  i s  given i n  t h e  footnotes 

of Table 5-16. 

5.1.2.2 Saturn V Launch Vehicle 

The payload capab i l i t i e s  of  the Saturn V launch vehicle  have been computed 

f o r  200 n.mi, c i rcu lar  o r b i t s  f o r  the various o r b i t a l  inc l ina t ions  associated with 

the  ETR launch v a c i l i t i e s .  With the Range Safety model given i n  Section 4.0, 

inc l ina t ions  between 28.5 and 50.3 degrees a re  obtainable by se lec t ion  of t he  

proper i n i t i a l  f l i g h t  azimuths. Incl inat ions grea te r  than 50.3 degrees require a 

0 
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yaw program during the  boost phases, This sec t ion  presents the  r e s u l t s  of t h e  
0 

study involving the  most p r a c t i c a l  t r a j e c t o r i e s  by which o rb i t s  of high inc l ina t ion  

can be obtained. 

A s teer ing  program during the  boost phases i s  necessary t o  yaw the  ve loc i ty  

vector  t o  the  desired direct ion.  

object ives  a re  sought i n  order t o  enhance the  payload capabi l i ty .  

When a yaw program is t o  be incorporated, two 

F i r s t  i s  to 

minimize the  angle through which the ve loc i ty  vector  i s  turned and secondly, t o  

achieve t h i s  change while t he  veloci ty  magnitude i s  small. 

determine the  minimum tu rn  angle by r e s t r i c t i n g  launch azimuth and usua l ly  a 

Range Safety f a c t o r s  

combination of Range 

t h e  i n i t i a t i o n  of the yaw maneuver. 

Safety fac tors  and the  boos te r ' s  s t ruc tu ra l  i n t e g r i t y  delays 

Orbi ts  with i n i t i a l  f l i g h t  azimuths of 44, 1U+, and U+6 degrees were 

invest igated.  

i t s  p o t e n t i a l i t y  or prac t i ca l i t y .  

Each corr idor  was invest igated t o  the  extent required t o  determine 

For t h e  azimuth providing the most promising 

t r a j ec to ry ,  dispers ion e l l i p s e s  of the  s tage impact points  were determined along 

with t h e  performance penal t ies  associated with placing them of f  land masses i n  

conformity t o  t h e  Range Safety Model. The t r a c e  of instantaneous impact points  

( I IP )  of a Saturn V t r a j e c t o r y  when launched a t  an azimuth of L& degrees s k i r t s  

t h e  eas t e rn  coast  of the  U. S. and i s  midway thm 

program can be i n i t i a t e d  t o  t u r n  in to  a polar  inc l ina t ion .  

S-I1 operation before a yaw 

This forces  t h e  I I P  

t r a c e  around Newfoundland and Labrador i n  compliance with the Range Safety Model. 

The payload decrement associated with the  yaw maneuver i s  large.  I n  the  case 

c i ted ,  t he  t o t a l  weight i n  a 200 n.mi. polar o r b i t  i s  90,480 pounds. 

program of 1 deg/sec (with reference t o  vehicle a t t i t u d e )  is  from 392 seconds from 

The yaw 

l i f t o f f  t o  480.3 seconds. Without a yaw program, the  corresponding weight i s  
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263,190 pounds and the  resu l t ing  inc l ina t ion  i s  50.3 degrees. Certain increases 
e 

i n  payload could be expected from a more de ta i led  study but grea te r  gains were 

f e l t  avai lable  a t  other azimuths. 

The o r b i t  inc l ina t ions  resu l t ing  from a launch azimuth within the  azimuth 

sec tor  (4" t o  1l.4") w i l l  vary from about 28.5" t o  50.3". 

than lu0 are considered impractical  because of je t t i soned  masses impacting on 

land with the  exception of a corridor along an azimuth of l-46 degrees. 

Trajector ies  along both these paths were investigated.  

More southerly azimuths 

For an azimuth of ll-4 degrees yaw i n i t i a t i o n  i s  delayed u n t i l  a f t e r  S-I1 

ign i t ion ,  o r  perhaps a few seconds longer. 

south. 

t r a j e c t o r y  unacceptable. 

and using the  same f l i g h t  sequence an acceptable t r a j ec to ry  i s  real ized since the  

S-I1 stage i s  in jec ted  i n t o  o rb i t .  

187,208 pounds of  which 100,580 pounds i s  the  spent S-11. 

The t r ace  of I I P  gradually turns  

The impact of t he  S-I1 stage i s  wel l  i n t o  South America, making the  

By removing the  S-IVB stage (and relocat ing the I U )  

The t o t a l  weight i n t o  a polar o r b i t  i s  then 
e 

Figure 5-2 i s  a map of Southern Flor ida and the Caribbean and shows the  

corr idor  accessible with a launch azimuth of 146 degrees and a yaw program. 

corr idor  i s  a t t r a c t i v e  because it offers  the  best  compromise r e l a t ive  t o  both 

fac tors ,  discussed e a r l i e r ,  which minimize the  performance penalties.  

advantages are somewhat lessened due t o  the  necessi ty  of preventing the  LES 

dispers ion e l l i p s e  from impacting i n  Cuba. 

early shutdown of the S-IC stage. 

which provides the  maximum payload weight i n  a polar o rb i t .  

The 

The 

This was accomplished by a ,!+-second 

The net  e f f ec t ,  however, i s  the  t r a j ec to ry  

meonins of the Espionage Laws, Title 
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Traces a re  a l so  shown i n  the f igure  f o r  t h e  polar and sun synchronous 

t r a j e c t o r i e s  i n  accordance with the S-IVB s tack  l i m i t .  The dispersion e l l i p s e s  

are  i l l u s t r a t e d  f o r  S-IC and LES inpact. 

Figure 5-3 is  a map covering the  area t o  the south and includes the impact 

dispers ion e l l i p s e s  of t h e  spent S-I1 f o r  t h e  two inc l ina t ions .  The s tack  limit 

t r a j e c t o r i e s  a re  not shown. Instead, t h e  two stage Saturn V launched a t  114 

deg and s teered polar i s  shown. Since inpact  of the  S-IC and U S  occur i n  the 

normal impact area fo r  boosters,the impact dispersions were not evaluated. 

The range increments a re  shown i n  Figure 5-k f o r  t he  impact point dispers ion 

Included i n  the  f igure are  the  perturbations which contributed t o  analysis .  

dispersions.  

per these conditions. 

The polar o r b i t  t r a j ec to ry  w a s  simulated (open-loop) and perturbed 

The polar o r b i t  mission prof i le  i s  given i n  Table 5-17 and the  mission 

p ro f i l e  f o r  t he  sun synchronous orb i t  i n  Table 5-18. 

Alternate p ro f i l e s  are offered i n  Tables 5-19 and 5-20 for the  same two 

The missions and correspond t o  a S-IVB s tack weight limit of 110,000 pounds. 

l i g h t e r  upper body weight required the  S-IC shutdown t o  be 8 seconds earlier 

than nominal t o  prevent LES impact on Cuba. 

penalty i n  t h i s  case since S-IVB shutdown occurs with many pounds of unconsumed 

propellant.  

This does not represent a performance 
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a 5.2 Earth Synchronous Orbi ts  

5.2.1 Incl ined 

The synchronous o r b i t  payload capab i l i t i e s  of the  Saturn V launch vehic le  have 

been evaluated f o r  severa l  ascent modes. 

r e su l t i ng  i n  an o r b i t a l  inc l ina t ion  of 28."5. 

A l l  launches were due eas t  from ETR, 

A coast period of 20 minutes i s  a l l o t t e d  between S-IVB and Service Module 

operation t o  simulate the  t ransposi t ion and docking maneuver. 

such as when t h e  S-IVB is  burned a t  apogee, t h i s  necess i ta tes  waiting a f u l l  

I n  some cases,  

period and then ign i t ing  the  SM. While t h i s  imposes no performance penal t ies ,  

o ther  systems considerations may be involved. 

The port ion of the  Service Mod-de propellant usable during the  ascent 

phase w i l l  be determined la rge ly  by the  deboost requirements. 

requirement i s  about 4870 f p s  f o r  an equator ia l  landing and i s  increased by 10 

percent f o r  performance contingencies and another 100 f p s  f o r  a midcourse 

maneuver. 

The deboost ve loc i ty  

Assuming t h e  payload i s  l e f t  i n  o r b i t  t h e  following CSM weight break- 

down w i l l  be required for deboost- 

Command Module 11,000 l b  

Service Module 10 , 200 

Propellant 15  , 250 

Initial Dehoost ? A  - ,-r/ /,qQ -lb 

This deboost maneuver r e su l t s  i n  a re-entry f l i g h t  path angle of -6.4 

degrees a t  an a l t i t u d e  of 400,000 f e e t .  

onins of the Espionage Lows, Title 
rized person i s  prohibited by law.  
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The f l i g h t  mode which o f fe r s  the best  payload is  given i n  Table 5-21. 

F i r s t  burn of t h e  S-IVB establ ishes  the  t r ans fe r  o r b i t  t o  the  a l t i t u d e  of the  

24-hour orb i t .  Near apogee, the S-IVB re- igni tes  and burns the remainder of i t s  

propellant,  i .e.,  down t o  but not  including the  f l i g h t  performance reserve. 

After the  docking maneuver, t he  CSM has coasted past  apogee i n t o  a region where an 

attempt t o  c i rcu lar ize  is  inef f ic ien t .  A waiting period, u n t i l  t h e  CSM i s  near 

apogee again, i s  necessary. 

a perigee r e s u l t s  of about 51-06 n.mi. 

a l t i t ude .  

The t o t a l  weight i n  the  synchronous o rb i t  i s  69,689 pounds. 

36,450 is  required f o r  deboost and 5,310 pounds f o r  crew/45 

subsistence. 

The period of t h i s  waiting o rb i t  i s  13.65 hours and 

Apogee i s  s t i l l  a t  synchronous o r b i t  

A t  apogee, t he  CSM ign i tes  accelerat ing the  payload t o  c i r cu la r  ve loc i ty  

O f  t h i s  weight 

day mission 

The remainder, 27,929 pounds, represents net payload. 

The po.ssibility of increasing net payload by using LEN descent stage o r  

ascent s tage propulsion w a s  considered. 

The u t i l i z a t i o n  of the  LEI4 descent stage t o  accomplish the  synchronous 
0 

orb i t , i nvo lyes  e i t h e r  i ts  use f o r  o rb i t  c i rcu lar iza t ion  o r  i n  implementing the  

deboost process. It can be shown tha t  t h e  former results i n  no appreciable net  

payload gain. 

( the  f u l l  systems implications o f  t h i s  ac t ion  must be investigated);  however, 

The la t te r  would involve je t t i soning  the  service Module i n  o r b i t  

t he  experiment payload and the  LEN Lab must be deboosted i n  a p rac t i ca l  configuration. 

This ac t ion  would then r e s u l t  i n  the following deboost stage breakdown. 

Command Module 11,000 l b  

Descent Stage 3,500 I b  

LEM Lab & Experiments 16,600 l b s  

Propellant (Descent Stage) 23,080 l b s  

This document contoins informotion effectin ted States within the meaning of the Espionage Laws, Title 
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Thus, t h i s  method y ie lds  not only a subs tan t ia l  payload reduction but a l so  

requires  descent stage propulsion beyond the  available tankage. If by some 

means the  experiment payload could be je t t isoned p r io r  t o  deboost, then t h e  

method would result i n  a net payload gain o f  approximately 10,000 pounds and 

propulsion requirements within tankage size.  

The u t i l i z a t i o n  of LEN ascent s tage propulsion (LEM LAB is  provided with 

a propulsive -capabi l i ty)  . invblves t h e  same considerations as above. 

If such propulsion were used f o r  deboost and t h e  experiment payload could be 

je t t i soned  p r io r  t o  deboost together with the  Service Module, then a net payload 

ga in  of approximately 9000 pounds would result. 

(ll,7OO pounds) would grea t ly  exceed ascent s tage tankage. 

However, propulsion requirements 

The t r a j ec to ry  of a descent p ro f i l e  from an incl ined synchronous o r b i t  is  

given i n  Table 5-22. 

This documant contains informotion offecti 
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5.2.2 Equatorial  

The equator ia l  synchronous o r b i t  capab i l i t i e s  of the Saturn V were 
evaluated f o r  several  ascent modes including both 2 and 3 S-IVB burn 

periods.  
some of the  more s ign i f i can t  f l i g h t  modes considered i s  given here along 
with a mission p r o f i l e  of t he  maximum payload configuration. 

Again, a due east launch was assumed from ETR. A descr ipt ion of 

The performance of an arrangement with the constraint  t h a t  t h e  S-IVB 

be burned only-once w a s  computed. 

offloaded S-IVB onto a low a l t i t ude  parking o rb i t .  

parking o r b i t  f o r  t h i s  and a l l  other  cases w a s  100 n.mi. 
S-IVB coasts  t o  the  first equator ia l  crossing and begins i t s  burning phase. 

If the  S-IVB accelerates  t o  t h e  perigee conditions required f o r  apogee t o  
be at synchronous a l t i t ude ,  t he  Service Module must provide the remaining 

impulse t o  c i r cu la r i ze  the  o r b i t  and change the  plane by 28.5 degrees. 

This requires  more S M  propellant than is  available. 

expends some of i t s  excess capabi l i ty  and provides a portion of the plane 

change at perigee the  veloci ty  required a t  apogee is  reduced as w e l l  as t h e  

payload and t o  t h e  point where the Service Module can pe r fom the maneuver. 

I n  t h i s  case a plane change of about 18 degrees i s  made at  perigee and 

t h e  remainder at  apogee. The burnout weight i s  31,870 pounds which is 

less than the  CSM weight requirement f o r  deboost. A payload of about 

5300 pounds is possible  if  the LEM Descent Stage i s  used f o r  deboost. 
This, however, i s  barely enough fo r  t he  45-day mission. 

payload, i f  any, is  marginal. 

I n  t h i s  capacity, the S-I1 i n j e c t s  an 

The a l t i t u d e  of t he  

The offloaded 

If, however, the S-IVB 

Thus, the  net  

For a two-burn S-IVB, t h e  S-I1 stage again i n j e c t s  an offloaded S-IVB 

onto a 100 n.mi. parking o r b i t .  

t h e  perigee conditions f o r  t h e  desired apogee. 

which also occurs on the  equator t he  S-IVB restarts t o  c i r cu la r i ze  the  

o r b i t  and simultaneously tu rn  equator ia l .  The Service Module car r ied  only 

enough propellant f o r  deboost t o  an equator ia l  landing. 

i n  t h e  synchronous o r b i t  is 82,330 pounds of which 40,540 i s  the spent 

S-IVB. 
t h e  45-day s t ay  and deboost. 

The S-IVB s t a r t s  at the  equator es tab l i sh ing  
After coasting t o  apogee 

The t o t a l  weight 

This leaves 41,790 pounds which again is  j u s t  t h e  requi reEnt  f o r  

This document contains information affectin tes within the mooning of the Espionage Lows, Title 
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The most ef f ic ien t  way of arranging the two-burn S-IVB is  t o  carry the 
Service Wdule, fu l ly  loaded, and combine the  second burn of the S-IVB (at 

apogee) with the  first burn of the Service Module. 
of 3600 pounds. 

Th i s  gives a net payload 

Many cases were investigated wherein the S-I1 w a s  used t o  l o f t  the  
It was found tha t  the most e f f i c i en t  S-IVB t o  varying apogee al t i tudes.  

incorporated a low a l t i tude  parking orb i t .  

Considerable increases i n  payload are realized i f  a third-burn 
capability is added t o  the S-IVB. 

S-IVB establishes perigee and chaages the o rb i t  plane about two degrees. A t  

apogee the S-IVB starts fo r  i ts  t h i r d  burn and consumes the remainder of the 

usable propellant. 
transposit ion and docking maneuver. 
perigee a l t i tude  of 5782.6 n.mi. 
ign i tes  t o  f in i sh  the  plane change and circular ize  the orb i t .  
out weight i s  61,334 pounds which gives a net payload of 19,573 pounds. 
summary of th i s  mission prof i le  is given i n  Table 5-23. 
f o r  an equatorial  landing site at the longitude of the  Apollo impact area 
is given i n  Table 5-24. 

I n  such a case the first burnout of the  

A t  this point a waiting o rb i t  i s  necessitated by the 

Its period is  14.097 hours and has a 
A t  the next apogee, the  Service Module 

Total  burn- 
A 

The descent phase 

An analysis w a s  made t o  evaluate the performance penalties associated 
with leaving the equatorial orbi t  f o r  the  nominal Apollo landing s i t e s ,  i.e., 
at a la t i tude  of +20 degrees, 
velocity requirements of various descent modes. 
o rb i t  t o  be circular, synchronous and equatorial  and positioned ( i n  longitude) 
f o r  descent. The f l i gh t  path at ~ , O O O  feet w a s  -6.4 degrees. 
aerodynamics were not considered. 

TQ do this, an a s s e s s e n t  w a s  made of the  - 
All modes assumed the or iginal  

Entry body 

Mode 1. 

mde 2. 

AVl is applied opposite the circular  velocity, Vc, vector. 
No plane change and impact is  on the  equator; (AV1 = 4870 fps; 

t o t a l  AV = 4870 fps) 

A V 1 i s  applied t o  Vc in such a direction as t o  change only 
the  orb i t  inclination; AV2 is applied opposite Vc at  the 
appropriate t i m e  fo r  landing; (AVl = 3465 a s ;  AV2 = 4870 fps; 

t o t a l  AV = 8335 as). 
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Mode 3.  AV, i s  applied t o  Vc such t h a t  the  r e su l t i ng  o r b i t  has n 

perigee of 200 n.mi. and t h e  o r b i t  inc l ina t ion  i s  chznged by 

20 degrees. After coasting t o  perigee (which a l s o  occurs on the  

equator), AV i s  applied opposite the veloci ty  vector t o  provide 

c i r cu la r  veloci ty  a t  t h a t  a l t i t u d e .  AV i s  applied opposite V 

at the appropriate time f o r  landing; (AV1 = 5422 fps ;  

AV2 = 7900 fps; AV3 = 357 fps;  t o t a l  AV = 13,679 f p s ) .  

2 

3 C 

Mode 4. AVl is  applied opposite V as i n  Mode 1. After coasting t o  
C 

a point 90 degrees from perigee ( t rue  anomaly), t h e  o r b i t  

inc l ina t ion  can be changed by applying AV t o  the veloci ty  
vector i n  the proper direct ion;  (AV = 4870 f'ps; AV2 = 8400 fps; 

t o t a l  AV = 13,270 fps ) .  

2 

1 

Thus, the descent from an equator ia l  spchrnous o r b i t  t o  

a 20 degree l a t i t u d e  i s  a serious cons t ra in t  with all s o r t s  of system implications.  

If t h e  technique of Mode 2 and SM propulsion only are  used, the net  payload i s  

reduced from 19,574 pounds t o  2,800 pounds, and SM propulsion requirements 

increase from 38,300 t o  55,000 pounds. 

decreasing net  payload s t i l l  fur ther .  On t h e  other  hand, Mode 2, SM propulsion 
and LEM propulsion may be used and w h i l e  easing the above problem 

somewhat off-equator ia l  landings s t i l l  represent s izable  decreases i n  payload. 1'- 
should be emphasized t h a t  although command module l i f t i n g  re-entry w i l l  mi t igate  

these pm5lems, synchromus equator3.d orb:-; prfcnmancf under t he  pr37iso af 
Apoilo s i te  landing r: -yires careful  detail  &",alysis I i t h  ac-mal a;id p r a c t t c a l  
spc?.cexaft CzEZi,: - _  cl.r ,.mal daada as inputs .  

Additional tankage is  then required, 

This document contains mformation affe States withln the meaning O F  the Espionage Lows, Title 
18. U.S.C , Section 793 and 794, the tra anner to an unauthorized person I S  prohibited by law.  
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5.3 Lunar Orbi ta l  Missions 

A set of lunar  o r b i t  photographic survey s tudies  were reported i n  References 5,s .  

The primary purpose of these studies were t o  e s t ab l i sh  a s e t  of o r b i t a l  techniques 

which would best  satisfy the  mission objectives.  

polar o r b i t s  were involved. The required o r b i t a l  techniques w i l l  not be repeated 

here; however, t he  vehicle weight h i s t o r i e s  f o r  various configurations and f l i g h t  

times a re  indicated i n T a b l e s  5-25 t o  5-27. 

accomplishment of t he  7 day t o t a l  transit Sc ien t i f i c  Survey mission (lunar polar 

o r b i t )  by SM propulsion only involves propulsion requirements exceeding the  

avai lable  tankage. 

configuration 1, Table 5-27. 

Both Low inc l ina t ion  and lunar 

It i s  t o  be noted t h a t  t h e  

Table 5-28 indicates  t he  mission p ro f i l e  for  the  data  of 

This document contains information offe d Stoles within the meaning of the Espionape laws, Title 
18. U.S.C., Section 793 ond 794. the tra manner to an unouthorized person i s  prohibited by low. 
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Table 5-25. Weight Histories, Site Certification Mission 
(6 Day Total Transit) 

Configuration 1 A Camera Module Jettisoned Prior to Return Injection 
Configuration 2 - Camera Module Jettisoned Prior to Return Midcourse 

Correction 
Both Configurations - SM Propulsion only 

Item - 
Gross Injected Weight 

Less Adapter 

Net Injected Weight 

Less Trans-Lmar Midcourse Correction 
Propellant 

Vehicle at Ehd Midcourse Correction 

Less Deboost Propellant 

Vehicle in Lunar Orbit 

Less Orbital Maneuver Propellant 

Less Camera Module 

Vehicle at Start Trans-Earth Injection 

Less Trans-Earth Injection Propellant 

Less Camera Module 

Vehicle in Trans-Earth Trajectory 

Less Return Midcourse Propellant 

Vehicle Prior to SM Separation 

TOTAL SM PROPELLANT 

Weight, Lb. 
config. 1 config. 2 

65,517 68,907 
- 3,700 
61,817 

- 1,856 
59,961 
-16,375 

43,586 

- 9,285 
- 5,000 
29,301 

* 8,000 

21,301 

- 639 
& 20 662 

36,155 

63,251 
- 17,280 
45,971 

- 9,700 

- 
36,181 

- 9,880 
- 5,000 
21,301 

- 639 
20 662 A 
39,545 

*-. , 

This document contains inhrrotiu States within lho m a n i n r  of th. Esnionag. Laws, T i tk  
16, U.S.C., k c t i o n  793 ond 794, (L. onnr  to .II unauthoriud porson i s  p r o h i b i t 4  by law. 
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T a b l e  5-26. Weight Histories, Scientific Survey Mission 
(7 Day Total Transit) 

Configuration 1 - Camera Module Jettisoned Prior to Return Injection 
Configuration 2 - Camera Module Jettisoned Prior to Return Midcourse 

Correct ion 
Both Configurations - SM h-opulsion only 

Item - 
Gross Injected Weight 

Less Adapter 

Net Injected Weight 

Weight, Lb. 
config. 1 Config. 2 

80,076 85,087 

- 3,700 - 3,700 
779376 81,387 

Less Trans-Lunar Midcourse Correction - 2,321 - 2,441 
Propellant 

Vehicle at End Midcourse Correction 

Less Deboost Propellant 

Vehicle in Lunar Orbit 

Less Orbital Maneuver Propellant 

75,055 78,946 

-20,kgO -21,552 

54,565 57,394 
-11,622 -12,225 

Less Camera Module - 5,000 - 
Vehicle at Start Trans-Earth Injection 37,943 45,169 

Less Trans-Earth Injection Propellant -10,358 -12 , 331 
Less Camera Module - - 5,000 

Vehicle in Trans-EBTth Trajectory 27,585 27,838 
Less Return Midcourse Propellant 

Vehicle Prior to SM Separation 

TOTAL SM PROPELTANT 

- 827 

45,618 

co TlAL 

- 835 

27 003 

49,384 

Thlr document contains tnformotion oifecting lr national deknr 
18. U S.C., Sc t ion  793 and 794. the 

itad Staler within the meoning of the Espionage laws,  Title 
ny monner to an unauthorized parson is prohibited by low. 
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Table 5-27. 

Configuration 1 - 

Configuration 2 - 

Weight Histories, Scient i f ic  Survey Mission 

Service Module + Command Module + Camera Module, 
with Camera Module Jettisoned Prior t o  Trans- 
Earth Injection, 9-l/2 Day Total Transit 
Service Module + Command Module +Camera Module + 
Modified LEM Descent Stage, with the Camera Module 
and Modified LEM Descent Stage Jettisoned Prior t o  
Trans-Earth Injection, 7 Day Total Transit 

Both SM and LEN Descent Stage Provide Propulsion 

Weight, Lb. 
Item 
7 

Gross Injected Weight 

Less Adapter 

N e t  Injected Weight 

Less Trans-Lunar Midcourse Correction 
Propellant 

Vehicle at  End Midcourse Correction 

Less Deboost Propellant 

Vehicle i n  Lunar Orbit 

Less Orbital Maneuver Propellant 

Less Camera Module 

Less Modified LEN Descent Stage 

Vehicle a t  S ta r t  Trans-Earth Injection 

Less Trans-Earth Injection Propellant 

Vehicle i n  Trans-Earth Trajectory - 
Less Return Midcourse Propellant 

Vehicle Prior t o  SM Separation 

TOTAL PROPFLLANT 

Config. 1 

75,704 

- 3,700 

72,004 

- 2,160 

69,844 

-17,531 

52 , 313 

- 11,143 

- 5,000 

- 
36,170 

- 9,079 

27,091 

- 813 

26 278 A 
SM - 40,726 

Config. 2 

85,302 

- 3,700 

81,602 

- 2,446 

79,156 

- 21,60 9 

57,547 

-12,486 

- 5,000 

- 2,800 

37,261 

- 10,170 

26,278 

SM - 35,038 

This document contoins information o 
18, U.S .C , Section 793 ond 794, the tr 

within tha meaning of the Espionage lows, Title 
to an vhguthorimd person is prohibited by law. or rovelotion of which i n  any 
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T U L E  5-28 
SATUnN V SCIENTIFIC SURVEY MISSION (CONFIGURATION 1, TABLE 5-27) 

LUNAR OPERATIONS 

1. 

2. 

3. 
4. 
5. 
b. 

7. 
6. 
9. 
10. 

11. 

12 

13 
14, 
1-5 

~~ 

TIME OF INJECTION ( M I N  GMT) 

WEIGHT AT INJECTION (LB) 

TIME OF PERICYNTHION ( M I N  GMT) 

TRANSEARTH HYPERBOLIC INCLINATION (DEG)  

PERICYNTHION ALTITUDE ( N  M I )  

PARKING ORBIT INCLINATION (DEG) 

P. 0. NODE AT PEKICYNTHION (DEG) 

DEBOOST PLANE CHANGE (DEG) 

MIDCOURSE VELOCITY INCREMENT (FPS) 

DEBOOST VELOCITY INCREMENT (FPS) 

kEIGHT OF SM PROPELLANT FOR (9 AND 10) 

CSM WEIGHT AFTER LO1 (LBS) 

PARKING ORBIT DURATION (HOURS) 

WEIGHT EX€’FNIED DURING WAIT (LB) 

CAMERA WEIGHT LEFT I N  LUNAR ORBIT (LB) 

TRANSEARTH TRAJECTORY 

1. TIME OF INJECTION ( M I N  GMT) 

2 .  CSM WEIGHT PRIOR TO TRANSEARTH INJECTION (LB) 

3. TEI PLANE CHANGE (DEG) 

4. TEI  VELOCITY INCREMENT (FPS)  

5. MIDCOURSE VELOCITY CORRECTION (FPS) 
6. WEIGHT OF SM PROPELLANT FOR 4 AND 5 (LB) 

7. CSM WEIGHT AFTER TEI (LB) 

8. TRANSEARTH FLIGHT TIME (HOURS) 

9. LANDING SITE 

io .  RETURN INCLINATION ( DEG) 

11. RE-ENTRY MANEUVER ANGLE (DEG) 
12. TIICE OF LANDING ( M I N  GrVrr) 

1224.4 JUNE 28, 69 
72,004 

614.4 J U L Y  03, 69 
87.046 
79 095 

90 
88.620 
6.638 
370 

231s. 6 
19,231 
52,773 

674 
11,191 
5,000 

720 JULY 31, 69 
36,582 
7.746 
2857 
2 50 

9722 
26,860 

110 
SAMOA 

40 
33 

111.7 AUG 5, 69 
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5.4 Lunar Landing Missions 

An &tended Stay Lunar Exploration Mission involving consecutive landings 

of two vehicles  (LEM Shel ter ,  LEN Taxi) a t  a selected lunar s i t e  f o r  extended 

periods has been studied and reported i n  Reference 6. 

study was  t o  evolve t r a j ec to ry  techniques which maximized lunar access ib i l i t y  

i n  terms of avai lable  sites and stay time, and s t i l l  be wi th in  the basic  Apollo 

constraints .  

i n  general, t o  v io l a t e  the  continuous abort  constraint .  

The primary purpose of t he  

The d e t a i l s  w i l l  not be repeated here, but it was  found necessary, 

Tables 5-29 t h r u  5-32 indicate the  LEM Shel ter  and LEM T a x i  vehicle mission 

p ro f i l e s  f o r  two a r b i t r a r i l y  selected lunar landing sites (Oo lat, -8OO long) 

and ( 4 5 O  la t ,  -8OO long). 

T a x i  dates  exist because of the  available data t h a t  could be immediately u t i l i zed .  

The discrepancy between the  LEN Shel te r  and LEM 

Nevertheless, representative t ra jec$ories  are shown. 

g the national defen within the meaning of the Espionage Lows, Title 
unauthorized person i s  prohibited by low. This document contains info 

18. U S.C., Section 793 and smission or revelation of wh 
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TABLE 5-30. SATURN V LUNAR EXPLORATION M I S S I O N ,  SHELTER 

LANDING SITE LOCATION ( U T . ,  LONG. ) 

PARAMETER Oo, -80' 45O, -€bo 

LUNAR OPERATIONS 

1. 
2 
3. 
4. 
5. 
6. 
7. 
3. 
!). 

10. 
11. 
1%. 
13. 
14. 
.i>. 

1.. 
c .  

.i - 
4. 
5 .  
6. 
7. 
8. 
3. 
10. 
11. 
12. 

TIME OF I N J E C T I O N  ( M I N  c;MT) 
CSM WEIGHT A T  I N J E C T I O N  (LB) 
TIME OF PERICYNTHION (MIN GMT) 
TRANSLUNAR HYPERBOLIC I N C L I N A T I O N  ( D E G )  
PERICYNTHION ALTITUDE ( N M I )  
PARKING O R B I T  I N C L I N A T I O N  ( D E G )  
P. 0. NODE A T  PERICYNTHION ( E G )  
DEBOOST PLANE CHANGE ( D E G )  
MIDCOURSE VELOCITY INCFUWENT (E'S) 
DEBOOST VELOCITY INCREMENT (FPS) 
WEIGH!T OF SM PROPELLANT FOR 9 and 10 (LB) 
CSM WEIGHT AFTER I N S E W I O N  (LUNAR P.O. ) 
P A R K I N G  O R B I T  W A I T I N G  TlME (HOURS) 
W I G I 1 T  EXPENDED DURING WAIT (LB) 
LEM PLANE CHANGE AT L I F T O F F  (DEG) 

903.4 JUL 26,69 
90,223 

742.4 JUL 30~69 
171.40 
79.80 

171.40 
29:. l 

0 
3 70 

2,715 
23,720 
66,503 

5.25 
0 
0 

LEM DESCENT/ASCENT 

START WEIGHT OF HOHMAIQ? TRANSFER 33,500 

TRANSEARTH TRAJECTORY 

TIMJ3 01.' I N J E C T I O N  ( M I ;  24T) 733.7 JUL 31969 
CSM WEICEIT PRIOR T O  T R A N S E A W H  J X J E C T l O N  (LB)  33,003 

I'RANSEARTH VELOCITY INCREMEXT (F'PS) 2,768 
MIDCOURSE VELOCITY AND CONTINGENCIES (FPS) 815 
WEIGHT OF SM PROPELLANT FOR 4 AND 5 (LB) 9, 933 
CSM WEIGHT AFTER TRANSEARTH I N J E X T I O N  (LB) 23,070 
TRANSEHRTH F L I G H T  TIME (HOURS)  103.633 
LANDING SITE HAWAII  
RETURN I N C L I N A T I O N  ( D E G )  40 

33 
IU.7 HVG 5,69 

THANSEAISTH I N J E C T I O N  PLANE CHANGE (DEG) 5.20 

HE-ENTRY MANEUVER ANGLE ( D E G )  
TIME W TPNDTNG (ME! LET) 

-+ 

L 
This d c u m t  confiolns i n l r m o t l r  off.hctin# Hr 
18, U.I.C.. S.Cfi1.0 793 ond 794, H. tronsml- winin H. moanin@ of H. Espi- lows, 11th 

k an m n o r N m d d  c n o n  Is  r o h l b l W  by low. 

903.5 JUL 26,69 

504.9 JUL 3l,69 
90, 259 

95 40 
79 9 80 
95.40 

287.90 
0 

3 70 
2,720 

23,718 
66,541 

5 70 
0 
3 

792 AUG 1,69 
5.80 

2,772 
815 

9,871 
23, l'(0 
l%45 
HAWAII 

40 
33 

33,041 

159.6 AUG 6,69 
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TABLE 5-31.SATURN V LUNAR EXPLORATION MISSION,  'TAXI 

LANDING SITE LOCA!FION ( U T .  LONG. ) 

PARAMETER O', -80' 45', -80' 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
LO. 
11. 
12. 
13. 
14.  
15. 

1. 
2. 
3. 
4. 
5. 
6. 
7 

I .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

LUNAR OPERATIONS 

T I M E  O F  I N J E C T I O N  ( N I N  GMT) 
CSM WEIGHT AT I N J E C T I O N  (LB) 
TIME O F  P E R I C m H I O N  (MIN GMT) 
TMNSLUNAR HYPERBOLIC INCLINATION (DEG) 
PERICYNTHION ALTITUDE ( N  M I )  
PARKING ORBIT INCLINATION ( D E )  
P. 0. NODE AT PERICYNTHION (DEG) 
DEBOOST PLANE CHANGE (DEE)  
MIDCOURSE VELOCITY INCREMFNT (FPS) 
DEBOOST VELOCITY INCREMENT (FPS) 
WEIGHT OF SM PROPELLkNT FOR 9 AND l O ( L B )  
CSM WEIGHT AFTER I N S E R T I O N  (LUNAR P. 0. ) 
PARKING ORBIT WAITING TIME! (HOURS) 
WEIGHT EXPENDED DURlNG WAIT (LB) 
L;EM PLANE CHANGE AT L I F T O F F  (DEG) 

LEM DESCENT/ASCENT 

START WEIGHT OF HOHMANN TRANSFER 
START WEIGHT OF FINAL D E S C E N  
WEIGHT A T  TOUCHDOWN 
WEIGHT EXPENDED DURING STAY 
L I F T O F F  WEIGHT 
WEIGHT AFTER RENDEZVOUS 
m I s o r J  WEIGHT 

TRANSEARTH TRAJECTORY 

'rp.m OF CNJ-ECTION ( PUN GMT) 

193.3 FEB 25,72 
91,585 

1033.3 F!EB 29,72 
128.28 
79.24 
174.39 
287.87 
5 -83 
3 70 

24,143 
67,442 

0 
0 

1.00 

27 712 

29,980 
29,647 
15,236 
4 7  736 
10, 500 
5,124 
5 7  124 

193.3 FEB 25772 
91,585 

1033.3 FEB 29.72 
91-93 
79.97 
91.12 
284.08 
2.77 
3 70 

2,643 
2 3,662 
67,903 

19 
48 

2.00 

180.0 MAR 15,72 1400.0 MAR 15,72 
CSM W E I G W  PRIOR TO TRANSEARTH 1N;IECTION (LB) 37,462 
TRANSEARTH I N J E C T I O N  PLANE CHANGE (DEG) 0.25 
TRANSEARTH VELOCITY INCREMENT (FPS ) 7,727 
MIDCOURSE VELOCITY AND CONTINGENCIES (FPS) 815 
WEIGHT OF SM PROPELTANT FOP 4 AND 5 (LB) 11,108 
CSM WEIGHT AFTER TRANSEARTH I N J E C T I O N  (LB) 267 354 
TRANSEARTH FLIGHT TIME (HOURS) . 104.3 
LANDING SITE HAWAII 
RETTfiI INCLINATION (CEG ) 40 

T I E  (?F TA?DTXG ::"EN GbUj  680.4 MAR 19,72 
REENTRY MANEWER ANGLE (DEG) 33 

37,875 
3.32 
2,746 
815 

11,296 
267 579 
log. 1 

HAWAII 
40 
33 

744.0 MAR 20,72 
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